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(54) SEMICONDUCTOR DEVICE AND ITS PRODUCTION METHOD 



(57) On a first interlayer insulating film 41 , a second 
wiring layer 34 comprising a plurality of wirings 35 with 
concave portions between adjacent ones of the wirings 
35, is superposed. A second interlayer is insulting film 
43 is superposed on the second wiring layer 34. The 
second interlayer insulating film 43 layer 34 is made of 
film producing material, such as CF film, that is unlikely 
to serve as filling due to its intrinsic property. Gasses 
that are used to produce the film producing material un- 



likely to be filling include C 6 F 6 gas, for example, and ion- 
izing the gas into plasma allows the CF film to be formed 
on the wiring layer 34 while inhibiting the CF film from 
filling the concave portions 30. In this way, air gaps 36 
are defined in shapes similar to those of the concave 
portions 30 between the wirings 35. The semiconductor 
device manufactured in such a manner can avoid reduc- 
ing its mechanical strength while capacities between the 
wirings are decreased. 
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Description 
TECHNICAL FIELD 

[0001 ] The present invention relates to a semiconduc- 
tor device in which depletion sections are defined be- 
tween adjacent wirings so as to reduce capacities be- 
tween the wirings, and to a method of manufacturing 
such a semiconductor device. 

BACKGROUND ART 

[0002] In order to implement enhanced integration in 
semiconductor devices, various approaches have been 
developed, including miniaturizing patterns and config- 
uring circuit in multi-layer, and one of such approaches 
is a technique of configuring wirings in multi-layer. To 
realize a multi-layered wiring configuration conductive 
layer is adapted to connect between the n-th wiring layer 
and the (n+1)-th wiring layer while thin film referred to 
as interlayer insulating film is formed in any region other 
than the conductive layer. 

[0003] In progressively miniaturizing semiconductor 
devices, there has arisen a problem of signal delay that 
could be caused when pulse signals are transmitted to 
circuits : and such signal delay t depends upon resist- 
ance value R between wirings and capacity C between 
the wirings. Thus, reduction in the capacity C between 
the wirings is required to decrease the signal delay t; 
however, since the capacity C is depending upon die- 
lectric constant of the interlayer insulating film, selection 
of substances and materials from which the interlayer 
insulating film may be created with reduced dielectric 
constant has become an up-to-date issue of concern in 
the art to further accelerating operation speed of semi- 
conductor devices. 

[0004] Allowing for the fact that the dielectric constant 
is 1 under a condition of vacuum, a new approach has 
been developed where depleted regions referred to as 
air gaps are created between wirings to reduce capac- 
ities between the wirings. For example, Japanese Pat- 
ent Laid-Open Publication No. 10-150103 discloses a 
technique where, as shown in Fig. 11(a), wirings 12 
made of materials such as aluminum (Al) is formed on 
a base film 1 1 , and thereafter gases of SiH 4 and 0 2 are 
used for plasma CVD to create insulating film of Si0 2 
film 13 overlaying the wirings 12. 
[0005] In such a procedure of the approach, however 
the Si0 2 film 13 is : as shown in Fig. 11(b), deposited in 
such a manner as is commonly called "overhang" where 
the Si0 2 film 13 fill the bottom and side-wall sections of 
concave portions 14 between the wirings 12 until it 
projects toward one another around upper peripheral 
corners of the concave portions 1 4. As the film has been 
accumulated in such a manner, the Si0 2 film 2 is depos- 
ited to bring the peripheral corners into contact with one 
another over the wirings 1 2 as shown in Fig. 1 1 (c). and 
the resultant air gaps 15 between the wirings 12 are not 



2 

defined as being in the similar shapes to those ol the 
concave portions 1 4 along the contours of them, but with 
adversely reduced capacities than the concave portions 
14, extending higher than the wirings 12 r as shown m 
5 Fig. 11(d). 

[0006] When the depleted regions due to the air gaps 
1 5 are created higher than the wirings 12 as mentioned 
above, this results in the Si0 2 film 13 over this portion 
being decreased in thickness, compared with other por- 
*o tions ; and therefore, the film over the gaps is reduced 
in mechanical strength so that it is liable to crack, for 
example. Once the film is damaged with the cracks, par- 
ticles of abrasive enter the cracks to damage the devic- 
es in subsequently undergoing CMP (polishing), and/ or. 

'5 when wirings are additionally to be created over the 
cracks, the wirings themselves may crack. 
[0007] Dimensions of the air gaps 15 are controllable 
to some extent depending upon conditions according to 
which the insulating film will have been created over the 

20 wirings. For instance, a technical approach has been 
proposed that, with raised pressure during the film de- 
velopment, the insulating film can be formed without 
deposition on the bottom and side-wall sections of the 
concave portions 14 between the wirings 12; however. 

25 j n such a case, similarly, the resultant air gaps 15 have 
part extending higher than the wirings 12, as shown in 
Fig. 12. Any effort that was made to avoid such unde- 
sired results has eventually brought about adversely 
small air gaps 15, and thus, the technological approach 

30 where the air gaps 15 are created between wirings 12 
to reduce capacities between the wirings has currently 
not been suitable for practical use. 

DISCLOSURE OF INVENTION 

35 

[0008] The present invention is directed to improve 
the prior art as described above, and, it is an object of 
the present invention to provide a semiconductor device 
with depleted regions being defined between wirings to 

40 reduce capacities between the wirings, wherein the de- 
pleted regions are configured into shapes similar to 
those of concave portions between the wirings, so as to 
avoid reducing their mechanical strength while the ca- 
pacities between the wirings are decreased, and it is al- 

45 so an object of the present invention to provide a method 
of manufacturing such a semiconductor device. 
[0009] The present invention is directed to a semicon- 
ductor device characterized by comprising a wiring layer 
including a plurality of wirings and concave portions de- 

50 fined between adjacent ones of the wirings, and an in- 
sulating film formed of film material, wherein the film pro- 
ducing material of the insulating film is adapted to define 
depleted regions within the concave portions while in- 
hibiting itself from filling the concave portions in the wir- 

55 ing layer 

[0010] The present invention is directed to a method 
of manufacturing a semiconductor device, comprising 
the steps of forming a wiring layer over a substrate. 
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which comprises a plurality of wirings and which has 
concave portions formed between adjacent ones of the 
wirings, and forming an insulating film of film producing 
material on the wiring layer, wherein the step of forming 
the insulating film includes forming the insulating film on 
ihe wiring layer while inhibiting the film material from fill- 
ing the concave portions between the adjacent wirings, 
so as to create depleted regions within the concave por- 
tions 

BRIEF DESCRIPTION OF DRAWINGS 
[0011] 

Fig. 1 is a sectional view showing part of an exem- 
plary semiconductor device according to the 
present invention; 

Fig. 2 is a diagram illustrating steps in an exemplary 
method of manufacturing a semiconductor device 
according to the present invention; 
Fig. 3 is a cross-sectional view showing an exem- 
plary apparatus using plasma in manufacturing the 
semiconductor device according to the present in- 
vention: 

Fig. 4 is a diagram illustrating the steps in relation 
with features of the present invention; 
Fig. 5 is a diagram illustrating steps of an exemplary 
process of forming a coating film when such a coat- 
ing film is applied to the semiconductor device ac- 
cording to the present invention; 
Fig. 6 is a diagram illustrating the steps in relation 
with features of the present invention; 
Fig. 7 is a diagram illustrating steps of a method of 
manufacturing an alternative semiconductor device 
according to the present invention; 
Fig. 8 is a diagram illustrating results of a test per- 
formed to observe effects of the present invention; 
Fig. 9 is a diagram illustrating results of a test per- 
formed to observe effects of the present invention: 
Fig. 10 is a sectional view showing part of a semi- 
conductor device employed for explaining the dia- 
gram in Fig. 9; 

Fig. 1 1 is a diagram illustrating an exemplary meth- 
od of manufacturing a prior art semiconductor de- 
vice: 

Fig. 12 is a sectional view showing an example of 
air gaps formed in the prior art semiconductor de- 
vice; and 

Fig. 1 3 is a sectional view showing another example 
of the air gaps formed in the prior art semiconductor 

device. 

3EST MODE FOR CARRYING OUT THE INVENTION 

[0012] A preferred embodiment of a semiconductor 
device of the present invention will be described with 
reference to Fig. 1. Fig. 1 is a sectional view showing 
part of ihe semiconductor device that includes a silicon 



(Si) substrate 2. an insulating film 21 formed of material 
such as Si0 2 film and a contact plug 22 formed in the 
insulating film 2 1 and filled with substance such as tung- 
sten (W). A first wiring layer 31 is created on an upper 

5 surface of the insulating film 21 , and the wiring layer 31 
is provided with wirings 32 of aluminum (Al) and deplet- 
ed regions 33 referred to as air gaps which are defined 
within concave portions between adjacent ones of the 
wirings 32. 

10 [0013] The first wiring layer 31 as stated above, has 
its upper surface coated with a first interlayer insulating 
film 41 formed of material, such as CF film. The CF film 
is unlikely to serve as filling due to its intrinsic property, 
and the interlayer insulating film 41 is provided with 

is plugs 42 filled with tungsten (W) to connect between the 
wirings 32 in the first wiring layer 31 and wirings 35 in a 
second wiring layer 34 which will be explained below. 
[0014] The first interlayer insulating film 41 has its up- 
per surface coated with the second wiring layer 34, and 

20 the wiring layer 34 has the wirings 35 formed of sub- 
stance such as aluminum (Al) similar to the first wiring 
layer while having air gaps (depleted regions) 36 de- 
fined between adjacent ones of the wirings 35. The sec- 
ond wiring layer 34 has its upper surface superposed 

25 with a second interlayer insulating film 43 formed of ma- 
terial, such as CF film, that is unlikely to serve as filling 
due to its intrinsic property. The interlayer insulating film 
43 is provided with plugs 44 filled with tungsten (W) to 
connect with wirings 38 in a third wiring layer 37 formed 

30 on an upper surface of the interlayer insulating film 43. 
[0015] The interlayer insulating films will now be de- 
scribed in details, in general, interlayer insulating films 
include Si0 2 film, which is approximately 4 in its dielec- 
tric constant, and efforts have been made to obtain ma- 
ss terials having smaller dielectric constants. Such materi- 
als include SiOF film having a dielectric constant of 3.5, 
and fluorinated carbon film (CF film) as mentioned 
above, which has a further smaller dielectric constant, 
may be used for such applications. 

40 [0016] The CF film is made of material containing C 
and F, and a mixing rate of C to F can be optionally de- 
termined. For instance, the CF film may be made of mix- 
ture containing 65% of C and 35 % of F. 
[0017] As for an exemplary method of manufacturing 

6 the semiconductor device as mentioned above, a mode 
will be described where the second wiring layer 34 and 
the second interlayer insulating film 43 are formed over 
the first interlayer insulating film 41, with reference to 
Figs 2 to 4. First, the first wiring layer 31 is formed on 

50 the upper surface of the first interlayer insulating film 41 . 
In this situation as shown in Fig. 2(a), a titanium (Ti) 
iayer 51 of 300 angstrom in thickness and a titanium ni- 
tride (TiN) layer 52 of 500 angstrom in thickness are suc- 
cessively formed one alter another on the upper surface 

55 of Ihe first interlayer insulating film 41. Thereafter, an 
aluminum (Ai) layer 3 of 8000 angstrom in thickness is 
formed on an upper surface of the TiN layer 52. In the 
drawings, for the purpose of convenience the Ti layer 
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51 and the T:N layer 52 together are depicted and indi- 
cated as Tin layer/Ti layer 5A 

[0018] After that, a Ti layer 53 of 300 angstrom in 
thickness and a TiN layer 54 of 500 angstrom in thick- 
ness are successively formed one after another on an 
upper surface of the Al layer 3 in the drawings, for the 
purpose of convenience, the Ti layer 53 and the TiN lay- 
er 54 together are depicted and indicated as TIN layer/ 
Ti layer 5B. The Ti layer 51 created between the first 
interlayer insulating film 41 and the Al layer 3 serves as 
sealing layer that prevents the interlayer insulating film 
41 of CF film and the Al layer 3 while the TiN layer 52 
serves as barrier layer that prevents pealing off between 
Al from diffusing from the Al layer 3 into the interlayer 
insulating film 41 and also prevents fluorine (F) from dif- 
fusing from the insulating film 41 into the Al layer 3. 
[0019] The TiN layer 54 formed on the upper surface 
of the Al layer 3 serves as anti-reflection film that main- 
tains a low reflectivity of Al when illuminating resist with 
light, as well as it serves as barrier film that ensures ex- 
tended lifetime of Al wirings, and the Ti layer 53 devel- 
ops alloy together with the Al layer 3 so as to enhance 
tight adhesion between the Al layer 3 and the TiN layer 
54. 

[0020] The Al layer 3, Ti layers 51 and 53, and : the 
TiN layers 52 and 54 are all produced by means of an 
spattering apparatus not shown; specifically, the Al layer 
3 is formed by spattering targeted Al - Si with argon (Ar) 
gas. The Ti layers 51 and 53, and the TiN layers 52 and 
54 are formed, respectively, in the same spattering ap- 
paratus using targeted Ti; specifically, the Ti layers 51 
and 53 are produced by spattering the target with argon 
(Ar) gas while the TIN layers 52 and 54 are produced by 
spattering the target with both the Ar gas and nitrogen 
(N 2 ) gas. 

[0021] Then, as shown in Figs. 2(b) to 2(c), the TiN 
layer 54 has its upper surface coated with resist 55 and 
then illuminated with light to develop predetermined pat- 
terns, and thereafter, chloride (CI) contained gas is used 
to etching the Al layer in an etching apparatus not shown 
so that the second wiring layer 34 is formed along with 
the concave portions 30 between adjacent ones of the 
Al wirings 35. 

[0022] Next, as shown in Fig. 2(d), the interlayer in- 
sulating film 43 is formed in the upper surface of the sec- 
ond wiring layer 34. The method of the present invention 
is characterized in that a wiring layer with wirings has 
its upper surface superposed with a n interlayer insu lat- 
ingljjmjTiade of material that is unlikely to serve as filling 
due to its intrinsic property, and there will be described 
below a case of this mode where hexafluorobenzene 
(C 6 F 6 ) gas is used to produce CF film that is unlikely to 
serve as filling due to its intrinsic property. 
[0023] The CF film may be produced, for example., by 
highly ionizing gas into plasma in a plasma processing 
apparatus using electron cyclotron resonance (ECR). 
and. referring to Fig. 3. the plasma processing appara- 
tus will now be briefly explained. In this apparatus, a vac- 



uum reservoir 6 consisting of first and second vacuum 
chambers 61 and 62 is supplied with radio frequency 
(microwaves) of 2.45 GHz, for example, from RF power 
supply 63 through a waveguide 64 and a transmitting 
5 window 65 to its inside while magnetic field is devel- 
oped, having a field strength of 875 gauss around ECR 
point P. from the first vacuum chamber toward the sec- 
ond vacuum chamber 62, by means of a primary elec- 
tromagnetic coil 66 and a secondary electromagnetic 
10 coil 67 that are provided around the first vacuum cham- 
ber 6 1 and on a lower side of the second vacuum cham- 
ber 62. respectively. In this way, the magnetic fteld and 
microwaves are mutually act upon each other to pro- 
duce electron cyclotron resonance at the above-men- 
'5 tioned ECR point P. 

[0024] When the CF film is formed in this apparatus, 
plasma gas such as Ar gas is first introduced into the 
first vacuum chamber 61 via a plasma gas supply con- 
duit 73, and then a semiconductor wafer W serving as 
20 a substrate rests on a mount 71 which is provided in the 
second vacuum chamber 62 and has its upper surface 
configured in electrostatic fastener to electrostatically fix 
the wafer W thereto. Next, the radio frequency power 
supply 63 causes microwaves to be introduced into the 
2S vacuum reservoir, while the primary and secondary 
electromagnetic coils 66 and 67 are activated to create 
magnetic field. After that, the vacuum reservoir 6 is 
evacuated via an exhausting pipe 68, with the film pro- 
ducing gas, namely, C 6 F 6 gas being introduced into the 
30 second vacuum chamber 62 through a gas supply sec- 
tion 74. In this way, the C 6 F 6 gas is ionized into plasma 
by means of the electron cyclotron resonance to create 
the CFfilm. 

[0025] Film developing requirements at the above 

35 procedure include 90 seem and 40 seem of flow rates of 
Ar gas and C 6 F 6 gas, respectively, 1 .0 kW of microwave 
power, and 360 D C of substrate temperature. The pro- 
cedure is carried out without applying bias power. The 
steps of fixing the wafer W onto the mount 71 and of the 

40 step introducing microwaves and creating the magnetic 
field may be performed simultaneously, but it is prefer- 
able fixing the wafer W onto the mount 71 prior to the 
application of plasma in order to suppress temperature 
rising in the wafer W caused by the plasma. 

45 [0026] It is inferable that, as described above, using 
the C 6 F 6 gas to produce the CF film results in the ma- 
terial being deposited to grow up to the film, maintaining 
a large molecular composition, because the C 6 F 6 gas 
is a gas of compound having a benzene ring(s) (aromat- 

50 ic compound) and of large molecules and because its 
bonding capacity is high. Thus, as shown in Fig. 4 (a) r 
the CF film is deposited on the upper surfaces of the Al 
wirings 35 and continually grow and gradually spread 
laterally to contact the portions deposited on the upper 

55 surfaces of the adjacent ones of the Al wirings 35 (see 
Fig. 4(b)) until openings of the concave portions 30 be- 
tween the Al wirings 35 are eventually closed to an ex- 
tent that the CF film hardly enter and fill the inside of 
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concave portions 30. 

[0027] At lnis P oin! keeping the radio frequency pow- 
er supply 72 deactivated, i.e., withholding bias power 
can prevent plasma ions from being attracted into the 
wafer W during film development, thereby resulting in 
the CF film being more unlikely to serve as filling. With- 
out filling the concave portions 30 in this way, the CF 
film 43 of 8000 angstrom in thickness is created on the 
upper surface of the TiN layer 54, and consequently, the 
air gaps (depleted regions) 36 are defined between the 
Al wirings 35 (see Figs 2(d) and 4(c)). Subsequently, 
the second interlayer insulating film 43 is etched in pre- 
determined patterns to form the plugs 44 configured of 
grooves filled with the tungsten (W) film. 
[0028] The method of the present invention has made 
itseif noteworthy in that gasses such as C 6 F 6 gas are 
used to produce films that are unlikely to serve as filling 
due to their intrinsic properties. In this method, the wiring 
layer 34 is prepared in advance, with the concave por- 
tions 30 being* defined between adjacent ones of the Al 
wirings 35, and then, the C 6 F 6 gas is used to produce 
the CF film which is unlikely to be filling and which serves 
as an interlayer insulating film, overlying the wiring layer 
34. Therefore, as stated above, the CF film is created, 
with the concave portions 30 kept almost completely un- 
filled with it. This allows the air gaps 36 to be easily cre- 
ated between the adjacent Al wirings 35, and moreover, 
allows the air gaps 36 to be defined in shapes similar to 
those of the concave portions 30 along the contours of 
them. 

[0029] In other words, selecting the requirements of 
producing the CF film permits the CF film to be created 
without deposition on the bottoms or side-walls of the 
concave portions 30 but with deposition along the upper 
surface of the wirings while the film is closing the upper 
openings of the concave portions 30, and thus, the air 
gaps 36 between the wirings can be closely similar in 
shapes to the concave portions 30 along the contours 
of them. 

[0030] The semiconductor device manufactured in 
the method according to the present invention has re- 
gions left depleted (empty) between the adjacent Al wir- 
ings. Since the regions are in vacuum state, namely, in 
conditions almost meeting the process requirements 
upon film development so as to have a dielectric con- 
stant of approximately 1 , capacities between the wirings 
are small, which is suitable for miniaturization of the 
semiconductor devices. The air gap 36 defined between 
the wirings are in shapes almost similar to those of the 
concave portions 30 along the contours of them. Since 
the air gaps would not extend higher than the wirings, 
there is no risk of sections above the concave portions 
being reduced in mechanical strength, nor is there risk 
of the sections" cracking to give damage against the de- 
vice. 

[0031] In the foregoing mode of the embodiment, al- 
though the CF film is created under the conditions that 
bias power is not applied to make the shapes of the air 



gaps 36 that are almost similar to those of the concave 
portions 30 along the contours of them. However, the 
same results can be assuredly obtained by applying 
voltage lower than the normal bias power. 

5 [0032] As has been described, as to the gasses used 
to produce the CF film which serves as the first and sec- 
ond interlayer insulating films and which is unlikely to be 
filling due to its property, gasses of compounds contain- 
ing carbon (C) and fluorine (F) may be used, including 

to C 6 F 5 H (pentafluorobenzene) gas. C 6 H 5 CF 3 (parachlo- 
rotoluene) gas, C 4 F 8 gas, C 5 F 8 gas : C 6 F 10 gas, and so 
forth, as well as the above-mentioned C 6 F 6 (hexafluor- 
obenzene) gas, and especially, compound gasses, such 
as C 6 F 6 gas, C 6 F 5 H gas, C 6 H 5 CF 3 gas, which contain 

'5 c and F and have benzene rings, are preferably used. 
[0033] According to the present invention, the insulat- 
ing film which is formed on the wiring layer with air gaps 
is not limited to an example of the CF film, but any insu- 
lating film may be used if it is made of materials that are 

20 unlikely to fill the concave portions between the wirings 
due to their intrinsic properties. Such insulating films in- 
clude SiLK film (Registered Trademark by Daw Chemi- 
cal), HSQ (Hydrogen Silsesquioxane) film, MSQ (Me- 
thyl Silsesquioxane) film, and other coating films having 

25 a low fluidity and a low dielectric constant. 

[0034] An alternative mode of the above-mentioned 
embodiment will now be described in the context of us- 
ing the coating film, especially, of SiLK film as the first 
and second interlayer insulating films. As shown in Fig. 

30 5(a), while the wafer W is retained by a retainer 81 that 
is rotatable in a horizontal direction, coating material 82 
containing SiLK film material and solvent for the film ma- 
terial is supplied to the surface of the wafer W, and then 
the waf er W is rotated by the retainer 81 in the horizontal 

35 direction, as shown in Fig. 5(b), to diffuse the coating 
material 82 throughout the surface of the wafer W. 
[0035] Next, the wafer W is transferred to a baking ap- 
paratus having a cabinet 83 and a heating plate 83a 
therein, and after resting on the heating plate 83a, the 

40 wafer W is baked, for example, at 140 °C for a prede- 
termined period of time until the solvent is vaporized and 
eliminated. After that, the wafer W is transferred to a 
heater having a cabinet 84 and a heating plate 84a 
therein. After resting on the heating plate 84a, the wafer 

45 w is cured, for example, at 400 °C for a predetermined 
period of time until the coating 82 is polymerized and 
cured, and thus, SiLK film 8 is created. Also, the curing 
procedure may be carried out in a furnace. 
[0036] As can be seen, the SiLK film 8 is created by 

so coating the wafer W with the coating material 82, and 
selecting coating requirements, such as increasing sur- 
face tension of the solvent, and/or rotating the wafer W 
at higher velocity, permits the coating material 82 to dif- 
fuse in such a manner as closing openings of the con- 

55 cave portions 30 between the wirings 35. as shown in 
Fig. 6(a) As a result, the wafer W can be coated with 
the SILK film 8 with the concave portions 30 being hardly 
filled with the coating material (see Fig. 6(b)). Thus, 
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even if the coating film is used as the second inlerlayer 
insulalmg film, the air gaps 36 can be easily defined into 
the shapes similar to those of the concave portions 30 
along Ihe contours of them. 

[0037] Optimum viscosity of the coating material 82 is 5 
1 5 cSi (centistokes (25°C)), and rotation rate of the wa- 
fer W is 3000 rpm. 

[0038J Also, in accordance with the present invention, 
a sealing layer may be created between the wiring layer 
and an interlayer insulating film formed on an upper sur- io 
face of the wiring layer, as illustrated in Fig. 7 Fig. 7 
shows a mode in which the CF film is created to serve 
as the second interlayer insulating film 43 on the upper 
surface of the second wiring layer 34. As shown in Fig. 
7(a). a seal layer 9 having 300 angstrom in thickness '5 
and comprising SiN film, Si02 film, or SiC film is created 
on an upper surface of the second wiring layer 34 with 
the Al wirings 35. Alphanumeric 5A and 5B in the draw- 
ings denote layers formed similar to the TIN layer/Ti lay- 
er 5A and 5B in the above-mentioned embodiment. 20 
[0039] The sealing layer 9 is created by ionizing gas- 
ses into plasma in the plasma processing apparatus as 
shown in Fig. 3. As with the exemplary process require- 
ments on SiN film, a flow rate of plasma gas such as Ar 
gas is 200 seem, flow rates of film producing gasses 25 
such as SiH 4 gas and N 2 gas are 60 seem and 1 00 seem, 
respectively, microwave power is 2.3 kW, and bias pow- 
er is 0 kW. As for the exemplary process requirements 
on Si0 2 film, the flow rate of the plasma gas such as Ar 
gas is 200 seem, the flow rates of the film producing gas- 30 
ses such as SiH 4 gas and 0 2 gas are 80 seem and 110 
seem, respectively, the microwave power is 2.5 kW, and 
the bias power is 0.5 kW. Furthermore, as to the exem- 
plary process requirements on the SiC film, the flow rate 
of the plasma gas such as Ar gas is 200 seem, the flow 35 
rates of the film producing gasses such as SiH 4 gas and 
C 2 H 4 gas are 10 seem and 15 seem, respectively, the 
microwave power is 2.4 kW, and the bias power is 0 kW. 
[0040] Then : as shown in Fig. 7(b), materials that are 
unlikely to be filling due to their intrinsic properties are *o 
used to produce the CF film serving as the second in- 
terlayer insulating film 43, in the same way as in the 
above-mentioned mode, on the second wiring layer 34 
superposed with the sealing layer 9. Forming the sealing 
layer 9 in such a way prevents the Al wirings 35 and the 45 
CF film from pealing off each other while preventing dif- 
fusion of fluorine (F) from the CF film into the Al wirings. 
To accomplish such effects, the sealing layer 9 may be 
formed over at least upper surfaces of the Al wirings su- 
perposed with the CF film. 50 
[0041 ] Experiments that were performed by the inven- 
tors to observe effects of the present invention will now 
be described In order to determine how dielectric prop- 
erty between wirings are affected by the presence and 
lack of the air gaps, the winng layer, which was provided 55 
with the Al wirings of 8000 angstrom in height, 6000 ang- 
strom in width at intervals of 4000 angstrom between 
adjacent ones of the wirings, was superposed with the 



interlayer insulating film of 8000 angstrom in thickness, 
and the dielectric constant e was measured between the 
wirings. The conditions of the film development are de- 
fined as follows 

[Example 1 ] 

[0042] C 6 F 6 gas was used to produce films, and. in 
the above-stated plasma processing apparatus, the 
plasma gasses such as Ar gas and C 6 F 6 gas were in- 
troduced at flow rates of 90 seem and of 40 seem, re- 
spectively. Under the microwave power of 1.0 kW and 
the bias power of 0 kW. the C 6 F 6 gas was ionized into 
plasma to create the CF film up to 8000 angstrom in 
thickness on the upper surface of the wiring layer while 
defining the air gaps between the wirings. Upon the pro- 
cedure, in the plasma processing apparatus, the sealing 
layer of SiC film of 300 angstrom in thickness was cre- 
ated between the Al wirings and the CF film under the 
process conditions as has been stated. 

[Example 2] 

[0043] C 6 F 5 CF 3 gas was used to produce films, and, 
in the above-stated plasma processing apparatus, the 
plasma gasses such as Ar gas and C 6 F 5 CF 3 gas were 
introduced at flow rates of 90 seem and of 40 seem, re- 
spectively. Under the microwave power of 1 .0 kW and 
the bias power of 0 kW, the C 6 F 5 CF 3 gas was ionized 
into plasma to create the CF film up to 8000 angstrom 
in thickness over the upper surface of the wiring layer 
while defining the air gaps between the wirings. Also, in 
this case, the sealing layer of SiC film of 300 angstrom 
in thickness was created between the Al wirings and the 
CF film through the process as has been stated. 

[Example 3] 

[0044] C 6 F 5 H gas was used to produce films, and, in 
the above-stated plasma processing apparatus, the 
plasma gasses such as Ar gas and C 6 F 5 H gas were in- 
troduced at flow rates of 90 seem and of 40 seem, re- 
spectively. Under the microwave power of 1.0 kW and 
the bias power of 0 kW : the C 6 F 5 H gas was ionized into 
plasma to create the CF film up to 8000 angstrom in 
thickness over the upper surface of the wiring layer while 
defining the air gaps between the wirings. Also in this 
case, the sealing layer of SiC film of 300 angstrom in 
thickness was created between the Al wirings and the 
CF film through the process as has been stated. 

[Comparison 1 J 

[0045] SiH 4 gas and 0 2 gas were used to produce 
films, and. in the above-stated plasma processing ap- 
paratus, the plasma gasses such as Ar gas was intro- 
duced at a flow rate of 200 seem while S;H 4 gas and 0 2 
gas were introduced at flow rates of 80 seem and of 110 
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seem, respectively. Under the microwave power of 2.3 
kW and the bias powei of 2.0 kW, the film producing 
gasses were ionised into plasma to create the SiO ? film 
up to 8000 angstrom in thickness over the upper surface 
of the wiring layer while filling the concave portions be- 
tween the wirings without creating the air gaps. 

[Comparison 2| 

[0046] C 6 F S gas was used to produce films, and. in 
the above-stated plasma processing apparatus, the 
plasma gasses such as Ar gas was introduced at a flow 
rate of 150 seem while the film producing gasses such 
as C 6 F 6 gas and CF 4 gas were introduced at flow rates 
of 40 seem and of 20 seem respectively. Under the mi- 
crowave power of 1 .0 kW and the bias power of 2.5 kW\ 
the film producing gasses were ionized into plasma to 
create the CF film up to 8000 angstrom in thickness over 
the upper surface of the wiring layer while filling the con- 
cave portions between the wirings without creating the 
air gaps. 

[Comparison 3] 

[0047] C 6 F 5 CF 3 gas was used to produce films, and, 
in the above-stated plasma processing apparatus, the 
plasma gasses such as Ar gas was introduced at a flow 
rate of 150 seem while the film producing gasses such 
as C 6 F 5 CF 3 gas and CF 4 gas were introduced at flow 
rates of 40 seem and of 20 seem, respectively. Under 
the microwave power of 1 .0 kW and the bias power of 
2.5 kW, the film producing gasses were ionized into 
plasma to create the CF film up, to 8000 angstrom in 
thickness over the upper surface of the wiring layer while 
filling the concave portions between the wirings without 
creating the air gaps. 

{Comparison 4] 

[0048] C 6 F 5 H gas was used to produce films, and, in 
the above-stated plasma processing apparatus, the 
plasma gasses such as Ar gas was introduced at a flow 
rate of 150 seem while the film producing gasses such 
as C 6 F 5 H gas and CF 4 gas were introduced at flow rates 
of 40 seem and of 20 sccm r respectively. Under the mi- 
crowave power of 1 .0 kW and the bias power of 2.5 kW, 
the film producing gasses were ionized into plasma to 
create the CF film up to 8000 angstrom in th ickness over 
the upper surface of the wiring layer while filling the con- 
cave portions between the wirings without creating the 
air gaps. 

[0049] The results are shown in Fig 8 where the die- 
lectric constants between the wirings are designated as 
fellows; the dielectric constant in the condition that the 
3i0 2 film is embedded between the wirings is denoted 
as e Si0 2 while a relative dielectric property between 
wirings in the assumption that the dielectric constant is 
z in each case is e/e Si0 2 . From the results, it was ob- 



served that, using the CF film as the mterlayer insulating 
film as in the Embodiments 1 to 3 and the Comparisons 
2 to 4. the dielectric property e/e Si0 2 was lower in con- 
trast to a case where the Si0 2 film was used to serve 

5 as the interlayer insulating film as in the Comparison 1 , 
and that, defining the air gaps between the wirings as 
in the Embodiments 1 to 3 : the dielectric property e/e 
Si0 2 was significantly lower in contrast to a case where 
the interlayer insulating film was embedded between the 

io wirings. 

[0050] At the same time, it was also observed in the 
Embodiments 1 to 3 and the Comparisons 2 to 4 that 
even if the same film producing gasses were used, 
change in the film developing conditions allowed the CF 
15 film to alter an amount of deposition in the concave por- 
tions between the wirings so as to control the procedure 
to make it an option if the air gaps were to be formed or 
not to be. 

[0051] Similarly, SiLK film, HSQ film, and MSQ film 
20 were used for carrying out the similar experiments, and 
it was observed that the dielectric property between wir- 
ings e/e Si0 2 was approximately 0.3 in any case to form 
the air gaps while it was approximately 0.75 in any case 
to fill the gaps between the wirings with the interlayer 
25 insulating film, and it is also observed that creating the 
air gaps caused the dielectric property between wirings 
e/e Si0 2 to be reduced. 

[0052] Additionally, in order to determine how the 
change in the types and film development conditions of 

30 the interlayer insulating film could affect shapes of the 
air gaps, the wiring layer provided with the Al wirings of 
8000 angstrom in height and 6000 angstrom in width at 
intervals of 4000 angstrom between the adjacent wir- 
ings was further superposed with varied types of the in- 

35 terlayer insulating films of 6000 angstrom in thickness 
under varied film developing conditions so as to observe 
the development of the air gaps between the wirings. 
The conditions of the film development are defined as 
follows. 

40 

(Example 4] 

[0053] C 6 F 6 gas was used to produce films, and in 
the above-stated plasma processing apparatus, the 

« plasma gasses such as Ar gas and C 6 F 6 gas were in- 
troduced at flow rates of 90 seem and of 40 seem, re- 
spectively. Under the microwave power of 2.0 kW and 
the bias power of 0 kW, the C 6 F 6 gas was ionized into 
plasma to create the CF film up to 6000 angstrom in 

50 thickness over the upper surface of the wiring layer. 

[Example 5] 

[0054] C 6 F 6 gas was used to produce films, and m 
55 the above-stated plasma processing apparatus, the 
plasma gasses such as Ar gas and C 6 F 6 gas were in- 
troduced, at flow rates of 90 seem and of 40 seem re- 
spectively. Under the microwave power of 2 0 kW and 
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the bias power of 1 .0 kW the C 6 F 6 gas was ionized into 
plasma to create the CF film up to 6000 angstrom in 
thickness over the upper surface of the wiring layer. 

[Example 6] 

[0055] C 6 F 5 CF 3 gas was used to produce films, and. 
in the above-stated plasma processing apparatus, the 
plasma gasses such as Ar gas and C 6 F 5 CF 3 gas were 
introduced, at flow rates of 90 seem and of 40 seem. 
Under the microwave power of 2.0 kW and the bias pow- 
er of 0 kW, the C 6 F 5 CF 3 gas was ionized into plasma to 
create the CF film up to 6000 angstrom in thickness over 
the upper surface of the wiring layer. 

[Example 7] 

[0056] C 6 F 5 H gas was used to produce films, and, in 
the above-stated plasma processing apparatus., the 
plasma gasses such as Ar gas and C 6 F 5 H gas were in- 
troduced, at flow rates of 90 seem andof 40 seem. Under 
the microwave power of 2.0 kW and the bias power of 
0 kW, the C 6 F 5 H gas was ionized into plasma to create 
the CF film up to 6000 angstrom in thickness over the 
upper surface of the wiring layer. 

[Comparison 5] 

[0057] S1H4 gas and 0 2 gas were used to produce 
films, and, in the above-stated plasma processing ap- 
paratus, the plasma gasses such as Ar gas was intro- 
duced at a flow rate of 100 seem while SiH 4 gas and 0 2 
gas were introduced at flow rates of 80 seem and of 1 20 
seem, respectively. Under the microwave power of 2.0 
kW and the bias power of 0 kW, the film producing gas- 
ses were ionized into plasma to create the Si0 2 film up 
to 6000 angstrom in thickness over the upper surface of 
the wiring layer. 

[0058] For each semiconductor device obtained in the 
above manners, a scanning electron microscope (SEM) 
was used to view the shapes of the air gaps created be- 
tween the wirings, and the shapes as shown in Fig. 9 
was recognized. Fig. 9 also has descriptions of calcula- 
tion results of Ha/Hb and Wa/Wb with regard to the re- 
spective air gaps. 

[0059] As shown in Fig. 10. Ha is a distance from up- 
per surfaces of the wirings 91 to the highest levels of the 
air gaps (depleted regions) 92. Wa is the minimum dis- 
tance between outer side surfaces of the wirings 91 and 
side surfaces of the air gaps 92 ; and Wb is a distance 
between adjacent ones of the wirings 9i . In this case, 
Ha/Hb is smaller, a degree to which the air gaps 92 ex- 
tend upward above the wirings 91 is smaller, while Wa/ 
Wb is smaller, a volume of the interlayer insulating film 
on the side surfaces of the wirings 91 is smaller: in other 
words, the smaller the values of Ha/Hb and Wa/Wb are. 
the closer the air gaps 92 are in shapes to the concave 
portions defined in the wirings 91 



[0060] It was obs rved in the results described in Fig. 
9 that, when the CF film was used to serve as the inter- 
layer insulating film, the values of Ha/Hb and Wa/Wb 
were smaller than those obtained in the case where the 

5 Si0 2 was substituted, and it was appreciated that the 
use of the CF film was effective in avoiding deposition 
of interlayer insulating film over the bottoms and side 
walls of the concave portions between the wirings 91 
while it also prevents the air gaps 92 from extending 

10 higher than the wirings 91 , so that the air gaps could be 
created into shapes similar to those of the concave por- 
tions along the contours of them 

[0061] It was also observed in the results of Embodi- 
ments 4 and 5 that varied process conditions, might re- 
's suit in the shapes of the air gaps being altered even 
when the same film producing gasses were used, and 
that withholding the bias power during the film develop- 
ment allowed the materials.filling the concave portions 
between the wirings 91 to be reduced in amount, so that 
20 the air gaps 92 could be defined in the shapes similar 
to those of the concave portions along the contours of 
them. 

[0062] In addition to the foregoing, similar experi- 
ments were carried out, using an SILK film, an HSQ film, 

2s and an MSQ film, respectively, and the resultant values 
of Ha/Hb and Wa/Wb were approximately 5 and 2.2, re- 
spectively, which were smaller than the results obtained 
in the cases where the Si0 2 film was used as the inter- 
layer insulating film. It was observed that, with those 

30 coating films, the air gaps could be defined in the shapes 
similar to those of the concave portions between the wir- 
ings along the contours of them. 
[0063] In the semiconductor devices of the present in- 
vention as has been described hereinbefore, the wirings 

35 and plugs may be made of copper. The Ti layers and 
TIN layers are optionally provided between the first in- 
terlayer insulating film and the wiring layer and/or be- 
tween the wiring layer and the second interlayer insu- 
lating film, and if they are unnecessary, thesemiconduc- 

*o tor devices may be configured without them. 

[0064] The CF film serving as the insulating films may 
not only be created by developing plasma using ECR, 
but also by means of plasma generating apparatuses 
such as ICP (Inductive Coupled Plasma) in conjunction 

45 with methods where, for example, coil wound on a 
dome-shaped container develops and applies electric 
field and magnetic field to the processing gasses. 
[0065] Moreover, the C F film may be created by using 
various apparatuses including the one in which Radio 

50 frequency of, for example, 13.56 MHz and magnetic 
field applied by magnetic coil mutually act upon each 
other to produce helicon plasma referred to as helicon 
wave plasma. Otherwise an apparatus in which magnet- 
ic fields are applied, in approximately parallel to two 

55 parallel cathodes to produce plasma referred to as mag- 
netron plasma, or another apparatus in which radio fre- 
quency power is applied between electrodes referred to 
as plane parallel plates and opposed to each other to 
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produce plasma, may be used. 

[0066] As has been described, according to the 
present invention, a semiconductor device is provided, 
with depleted regions being defined between wirings to 
reduce capacities therebetween, wherein the depleted 5 
regions can be created in shapes similar to those of con- 
cave portions between the wirings along the contours of 
them, so thai the semiconductor device can maintain 
mechanical strength at the portions associated with the 
depleted regions while reducing capacities between wir- w 
ings. Furthermore the semiconductor device can be 
manufactured in a simplified procedure, with the deplet- 
ed regions being defined in the shapes similar to those 
of the concave portions between wirings along the con- 
tours of them. 15 



Claims 

1 . A semiconductor device, comprising: 20 

a wiring layer comprising a plurality of wirings 
so as to form concave portions being defined 
between adjacent ones of the wirings, and an 
insulating film made of film producing material, 25 
wherein the film producing material of said in- 
sulating film is adapted to define depleted re- 
gions within the concave portions while inhibit- 
ing itself from filling the concave portions in the 
wiring layer. 30 



where Wa is the minimum distance between outer 
side surfaces of the wirings and the depleted re- 
gions, and Wb is a width of the concave portions. 

6. The semiconductor device as defined in claim 1 , 
wherein 

TiN layer/71 layer is interposed between the 
wiring layer and the insulating film. 

7. The semiconductor device as defined in claim 6, 
wherein 

sealing layer comprising an SiN film, an Si0 2 
film, or SiC film is interposed between the TiN layer/ 
T\ layer and the wiring layer. 

8. A method of manufacturing a semiconductor de- 
vice, comprising the steps of: 

forming a wiring layer over a substrate, the wir- 
ing layer being comprising a plurality of wirings, 
with concave portions being defined between 
adjacent ones of the wirings: and 
forming an insulating film of a film producing 
material on the wiring layer 
wherein, the step of forming the insulating film 
including forming the insulating film on the wir- 
ing layer while inhibiting the film producing ma- 
terial from filling the concave portions between 
the adjacent wirings, so as to define depleted 
regions within the concave portions. 



2. The semiconductor device as defined in claim 1 , 
wherein 

the film producing material of the insulating 
film comprises fluorinated carbon. 35 



0 s Ha/Hb x 100 ^ 6 

where Ha is a distance from upper surfaces of the 
wirings to the highest levels of the depleted region- 
ss, and Hb is a height of the wirings 50 

5. The semiconductor device as defined in claim 1 or 
4, wherein 

there is given 

55 

0 ^ Wa/Wb x 1 00 a 5 



9. The method as defined in claim 8, wherein 

the step of forming the insulating film on the 
wiring layer includes using fluorinated carbon film 
which is a compound of carbon and fluorine and 
which is unlikely to be filling due to its intrinsic prop- 
erty, to serve as the film producing material. 

10. The method as defined in claim 9, wherein 

the step of forming the insulating film on the 
wiring layer includes using fluorinated carbon film 
which has a benzene ring and is a compound of car- 
bon and fluorine and which is unlikely to be filling 
due to its intrinsic property, to serve as the film pro- 
ducing material. 

11. The method as defined in claim 10. wherein 

the fluorinated carbon film contains hexafluor- 
obenzene 

12. The method as defined in claim 8. wherein 

the step of forming the insulating fayer on the 
wiring layer includes using a coating film to serve 
as the film producing material. 

13. A method as defined in claim 12. wherein 

the step of forming the insulating layer on the 
wiring layer includes using a SiLK film to serve as 



3. The semiconductor device as defined in claim 1 , 
wherein the film producing material of the insulating 
film comprises coating film. 

40 

4. The semiconductor device as defined in claim 1 , 
wherein 

there is given 

45 
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the coaling film. 
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